Histamine, substance P, serotonin and bradykinin were applied by iontophoresis to lesional and visually non-lesional skin of 14 patients with atopic dermatitis, and normal skin of 15 healthy volunteers. Itch could be evoked by light stroking of skin with a cotton swab (alloknesis) in all lesional skin sites, but not in non-lesional or normal skin. Substances were applied in the same skin area before and 3 h after administration of placebo or antihistamine (olopatadine hydrochloride: H1-receptor-blocker). Intensities of itch and pain sensation and areas of flare and wheal were measured. All the substances induced significantly more intense itch in lesional skin than in non-lesional skin of patients. Even bradykinin, which evoked only weak itch and pain of similar intensities in nonlesional skin of patients and in healthy volunteers, induced intense itch in lesional skin, while the simultaneously increased pain did not suppress the itch sensation, indicating central sensitization. Histamine-and substance P-induced itch was almost completely suppressed by antihistamines, whereas bradykinin-and serotonin-induced itch was not. This suggests that substance P is a histamine-dependent pruritogen also in lesional skin under sensitized conditions but that bradykinin and serotonin are histamine-independent pruritogens in lesional skin. It is concluded that serotonin and bradykinin, classic endogenous algogens, can turn into potent histamine-independent pruritogens in lesional skin of atopic dermatitis. Ó
Introduction
Itch is a common symptom accompanying various skin diseases such as atopic dermatitis. Anti-pruritic treatments play an important role for such diseases, not only since itch is annoying and impedes quality of life, but also since itch-induced scratching worsens skin conditions and leads to a vicious itch-scratching cycle (Yosipovitch et al., 2005) . Neurons conveying itch had not been identified for decades, until single-nerve-fiber recordings have shown that histamine-induced itch is transmitted by a selective slowly conducting and mechano-insensitive subpopulation of unmyelinated C-neurons (Schmelz et al., 1997; Andrew and Craig, 2001) . Although explaining histamine-induced itch, this discovery did not clarify itch in most clinical itch conditions presumed to be histamine-independent.
Histamine, released from mast cells in an early phase of inflammation, is the best-known pruritogen in humans and the involvement of mast cells in producing inflammation of atopic dermatitis has often been demonstrated (Leung, 1998). There have been, however, reports showing desensitization of patients with atopic dermatitis to histamine and suggesting that histamine only plays a minor role as a pruritogen in atopic dermatitis (Uehara, 1982; Heyer et al., 1989) . Moreover, antihistamines are frequently used but do not satisfactorily relieve pruritus in atopic dermatitis. Although other 
